The polarization of intestinal epithelial cells and the stereotypic arrangement of their actin-based cytoskel eton have made these epithelia an excellent system to explore the organization and formation of a cortical actin-based cytoskeleton. Through a combined morpho logical and biochemical analysis, the molecular arrange ment of many of the components of the brush border has been elucidated. Study of brush border assembly in the Crypts of Lieberkiihn suggests that cytoskeletal mRNA and protein expression, as well as morphologi cal development, occur rapidly following cell differen tiation. Protein kinases appear to be important regula tors of intestinal cell growth, for differentiating cells in the crypts possess 15-fold higher levels of tyrosine phosphorylated proteins than differentiated cells of the villus. One of these kinases, pp60c'5Te, has a 4-to 7-fold higher activity in crypts and increased association with the cytoskeleton than it has in villus cells.
INTRODUCTION
In order to understand many cell processes, scientists often exploit model systems that exaggerate or simplify these processes. The simplicity and stereotypic arrangement of the brush border (BB) cytoskeleton have made the enterocyte an excellent model for analyzing the organization and development of an actin-based cytoskeleton (see reviews by Heintzelman and Mooseker, 1992; Mamajiwalla et al., 1992) . In addition to an understanding of the architecture of the cortical cytoplasm, this polarized epithelium has been invaluable in dissecting the synthesis and transport of mem branous proteins from their origins in the Golgi apparatus to their sites of utilization in the apical or basolateral plasma membrane. In this review we will first briefly describe the intestinal BB and then outline morphological and bio chemical changes during its assembly in the adult intestine. We will then discuss the possible role of molecular motors in the transport and/or targeting of apically targeted plasma membrane constituents
INTESTINAL BRUSH BORDER MOLECULAR ARCHITECTURE
The cytoskeletal proteins and their arrangement in the intestinal brush border (BB) cytoskeleton has been well characterized (Burgess, 1987; Mooseker, 1985) . The mature BB is structurally divided into two parts, the microvilli and the terminal web (Fig. 1 ). Microvilli are approximately 1.5 2 |xm long and 100 nm in diameter. A microvillus contains a core bundle of actin filaments extending from the tip of the microvillus to the base of the terminal web. The actin filaments are polarized with their plus or barbed (fast grow ing) ends at the microvillus tip and are crosslinked by the actin-bundling proteins fimbrin and villin. The other major actin-binding protein of the microvillus core is myosin I, first identified as the 110 kDa protein (Matsudaira and Burgess, 1979) . Myosin I, coupled with calmodulin, forms a double spiral of cross bridges linking the actin bundle to the plasma membrane (Matsudaira and Burgess, 1982) . A small amount of myosin I has also been localized to the basolateral membranes by immunofluorescence (Coudrier et al., 1981; Heintzelman and Mooseker, 1990) . Although myosin I is a mechanochemical motor (see below), no movement of microvilli or their constituents has been observed. The core actin filaments extend out of the microvillus into the terminal web, where they terminate as rootlets. In addition to villin, fimbrin and myosin I, tropomyosin is also bound to the rootlet actin filaments.
Subjacent to the apical plasma membrane, and sur- rounding the microvillar rootlets, is a complex anastomos ing meshwork of filaments called the terminal web. The ter minal web is a network of actin filaments that are crosslinked with myosin II, nonerythroid spectrins (fodrin and TW 260/240), a-actinin and tropomyosin. Immunolocalization and quick freeze, deep etch analyses localize BB spectrin and TW260/240 to the entire terminal web, and myosin II to the lower portion of the terminal web (Glenney and Glenney, 1983; Hirokawa et al., 1982 Hirokawa et al., , 1983 Hirokawa and Heuser, 1981) . It is likely that the myosin is in the form of bipolar filaments that connect rootlet bun dles and that the spectrin forms similar contacts in addition to attaching the actin to the plasma membrane. The other major domain of actin cytoskeletal filaments in the BB is the zonula adherens circumferential ring that was first noted by Hull and Staehelin (1979) . Subsequent analysis of this ring demonstrated the presence of both actin and myosin II and that this ring was tethered to the lateral membranes at adherens junctions (Bretscher and Weber, 1978) . This circumferential ring can be induced to constrict in vitro, much like a contractile ring (Burgess and Prum, 1982; Keller et al., 1985) , probably modulating transep ithelial resistance.
BRUSH B O R D ER A S S E M B L Y IN IN TE S TIN A L C R YPTS
Although much is known about the structure of the BB, little is known about its assembly. Early research on BB cytoskeleton formation focused on embryonic chickens, mice and rats (Chambers and Grey, 1979; Ezzell et al., 1989; Maunoury et al., 1988; Rochette and Haffen, 1987; Shibayama et al., 1987; Stidwill and Burgess, 1986; Takemura et al., 1988) , with subsequent work utilizing cell lines (Dudouet et al., 1987; Peterson et al., 1992) . Recently, attention has turned to understanding the development of the BB in adult tissues. In the adult, there is continual enterocyte differentiation as cells are bom in the intestinal crypts and later assemble a BB as they migrate from the crypt onto the villus. This continuum of differentiation has been amenable to ultrastructural and immunocytochemical analysis of BB development (Fath et al., 1990; Heintzelman and Mooseker, 1990) . Only a small subpopulation of cells in the basal crypt is structurally undifferentiated. These cells probably correspond to the crypt stem cells which give rise to absorptive columnar, goblet and entero-endocrine cells (Cheng and Leblond, 1974; Gordon, 1989; Potten and Morris, 1988) . Initially, cells destined to become enterocytes have domed apical surfaces extending into the gut lumen. These cells express a few microvilli which arise from the center of the lumen, near the top of the dome. The microvilli are approximately 0.5 |im long and run at many angles relative to the cell surface. The microvillar rootlets are longer than the microvilli, and extend as much as 1 jam into the apical cytoplasm (Fath et al., 1990) . As the enterocyte further develops, the number and length of the microvilli gradually increase and the rootlets shorten. The microvillus core actin filaments, although bundled in the early microvilli, become more regularly arrayed as the microvilli orient perpendicular to the cell surface. This increased order may reflect a change in the number or iden tity of the actin-binding and cross-linking elements. Because the total length of the core actin bundle (includ ing the microvillus and rootlet) is approximately the same in the crypt and villus, we have proposed that the microvil lus elongates by membrane addition at the microvillus base (Fath et al., 1990 ). Such addition would in effect lengthen the microvillus and shorten the rootlet. This proposal is con sistent with our observations using the electron microscope (Fath et al., 1990) .
The ability to isolate pure populations of intestinal crypts containing relatively immature enterocytes and pure intesti nal villi containing fully formed enterocytes, made it pos sible to correlate morphological and biochemical changes during BB assembly (Table 1, and Fath et al., 1990) . We wished to determine whether the formation and assembly of the BB cytoskeleton correlated with changes in the levels of mRNAs encoding the constituent cytoskeletal proteins. Using enterocytes isolated from crypts, villus middle or villus tip, we quantified relative RNA levels using north ern and dot blot analysis with radiolabeled cDNA clones. Along the crypt-villus axis we detected 2-to 3-fold increases in the steady-state levels of villin, (3-tropomyosin and calmodulin mRNAs, no change in the levels of spec trin and actin mRNAs, and a less statistically significant 3 fold decrease in myosin message. This constant level of actin mRNA expression is consistent with in situ hybridiz ation studies in the mouse intestine that report a uniform density of actin mRNA along the crypt-villus axis (Cheng and Bjerknes, 1989) . In contrast to the changes in mRNA levels, the corresponding levels of these cytoskeletal pro teins did not change, as determined by ELISA analysis. These results are consistent with immunofluorescent images which show that all major actin cytoskeleton proteins are present at their full abundance and are concentrated in the apical enterocyte cytoplasm, even in cells with only a rudi- mentary BB (Fath et al., 1990; Heintzelman and Mooseker, 1990) . Although the cytoskeletal protein levels remain con stant, the levels of luminal membrane enzymes such as oligosaccharidases, peptidases and alkaline phosphatase (Weiser et al., 1986 ) and the level of phosphotyrosine-containing proteins (Burgess et al., 1989 ) change dramatically as enterocytes migrate to the upper crypt and onto the villus. These changes, among others, have been noted in isolated villus cell fractions and confirm the validity of the cell iso lation paradigm for quantitating changes in cytoskeletal protein expression during enterocyte differentiation. In addition to transcriptional and translational regulation of cytoskeletal protein expression, BB formation may be regulated by the state of assembly of actin, a principal struc tural element of the BB. To discover whether increases in polymerized actin correlated with assembly of the BB, we measured G-and F-actin levels using the DNase-inhibition assay (Fath et al., 1990) . We detected no significant increase in relative levels of total cellular polymerized actin in crypt, mid-villus and villus tip cells. The mean percentage of actin that was polymerized in the crypt, mid-villus and villus tip cells was 69, 68 and 73, respectively. The level in the tip is comparable to that in differentiated adult enterocytes (Stidwill and Burgess, 1986) .
Since our results indicated that cytoskeletal proteins and F-actin levels do not change during differentiation, we have proposed that the expression of a minor component may regulate microvillus formation (Fath et al., 1990 ). This com ponent may be integral to the bundling and stabilization of actin filaments in the microvillus core or it may be a mem brane-associated protein which nucleates microvillus assembly. Low levels of this component would generate few microvilli, whereupon increased synthesis would permit the utilization of the abundant pool of cytoskeletal proteins to allow immediate, synchronous and abundant microvillar formation. Alternatively, some secondary mes sage or signaling pathway may trigger assembly of the BB cytoskeleton and polarization of the epithelial cell.
ROLE OF KINASES IN INTESTINAL DEVELOPMENT
Development of the intestinal epithelium cannot be regu lated solely by the cytoskeleton. Stem cell division in the crypts must be in steady state to ensure proper self-main tenance, otherwise the tissue will atrophy or hypertrophy. It is becoming increasingly clear that the generation of metaplastic and eventualy neoplastic epithelia most proba bly results from the loss of control over division of stem cells in the crypts. This control is due in part to extracel lular and intracellular factors which exert their effects either from the luminal side and/or from the base of the cells. These factors might include growth factors such as epider mal growth factor (Baliga et al., 1990; Huang et al., 1991; Murthy et al., 1989) , amphiregulin , gastrin (Chicone et al., 1989; Majumdar, 1990) , TGF-(3 (Kurokowa et al., 1987) and proto-oncogenes such as pp60c'irc (Cartwright et al., 1989 (Cartwright et al., , 1990 (Cartwright et al., , 1993 . Many of the growth factors exert their effects by binding to their respec tive receptors and subsequently activating the receptor's intrinsic or associated tyrosine kinase activity.
Protein tyrosine kinases appear to be important regula tors of intestinal cell growth. Unlike the adult; in the embry onic intestine, mitotic cells are evenly distributed through out the duodenal epithelium (Levine et al., 1990) . During this period of rapid proliferation, the embryonic intestine contains high levels of tyrosine kinase activity (Maher, 1991; Maher and Pasquale, 1988) and the substrates of tyro sine kinases are concentrated at the epithelial cell mem branes (Takata and Singer, 1988) . In the adult chicken, mitotic cells are restricted to the crypts, and these cells pos sess 15-fold higher levels of tyrosine phosphorylated pro teins than do the differentiated cells of the villus (Maunoury et al., 1988) . In addition, most of the tyrosine kinase activity and the tyrosine phosphorylated proteins associate with the Triton-insoluble cytoskeleton. The nature of the tyrosine kinase substrates is currently unknown. It is also significant that high tyrosine kinase activity is found in human colon carcinoma (Sakanoue et al., 1991) . These findings confirm that protein tyrosine phosphorylation plays a significant role in the development of the intestinal epithelium.
pp60c~" c, and it viral homologue pp60v'm , are cytoplas mic, membrane-associated tyrosine kinases (Cooper, 1990; Bishop, 1991; Hunter, 1991; Cantley et al., 1991) . There is a strong correlation between elevated pp60s,r kinase activity and its association with the cytoskeleton. In transformed fibroblasts, for example, more than 70% of pp60v"irc or mutants of pp60c with elevated tyrosine kinase activity, associate with the cytoskeleton (Loeb et al., 1987; Hamaguchi and Hanafusa, 1987) . In contrast, in normal fibro blasts more than 70% of pp60c'src or kinase inactive mutants of pp60v'irc are soluble. In human colon carcinomas, malig nant adenomas or benign adenomas at greatest risk for developing cancer, pp60c'S 7Y has significantly higher protein tyrosine kinase activity than the adjacent normal colonic epithelia (Cartwright et al., 1989 (Cartwright et al., , 1990 . We have recently found a similar situation in the cells of the crypts of the small intestine (Cartwright et al., 1993) . We observed that pp60c'src activity in crypt cytoskeletons is higher (on aver age, 4-fold as measured by enolase phosphorylation, or 7 fold as measured by autophosphorylation) than pp60c''rf activity in differentiated villus tip cytoskeletons (Table 2) . Moreover, crypt cytoskeletal-associated pp60c'irc, unlike that of differentiated enterocytes, appears to have higher specific activity than does soluble pp60c (Table 3) . Inter- Values for crypt and villus base cells are expressed relative to those for villus tip cells, and each represents the mean ± s.e.m. for 13 independent cytoskeletal preparations (26 chickens) and 7 whole cell preparations (14 chickens).
From Cartwright et al. (1993) . Values are expressed as a ratio of cytoskeleton to whole cell 32P incorporation and represent the mean ± s.e.m. for 7 preparations (14 chickens).
From Cartwright et al. (1993) .
estingly, the subcellular localization of pp60c"src in crypts is also similar to that described above for transformed fibroblasts. These results clearly implicate an important role for pp60c"src in the normal development and differentiation of the intestinal epithelium. Of course it would be naive to suppose that pp60c"src is the only tyrosine kinase responsi ble for the high level of tyrosine phosphorylation observed in these cells. Clearly, other tyrosine kinases, both cyto plasmic and growth factor-associated, must also be involved. We are currently attempting to identify novel tyrosine kinases in the cells of the crypt by molecular cloning techniques. pp60c src can serve in some cases as an upstream activator of mitogen activated protein (MAP) kinases (Wang and Erikson, 1992; Gupta et al., 1992) . MAP kinases have been the focus of recent research involving signal transduction pathways (Thomas, 1992; Sturgill and Wu, 1991; Crews et al., 1992; Pelech and Sanghera, 1992) , as they are thought to play important roles in relaying sig nals from the cell surface to the nucleus. At present, we are investigating the possible role of MAP kinases during differentiation of the intestinal epithelium. What role pp60c irc might have, if any, in the assembly of the brush border is not known. Recent experiments have suggested a possible role for pp60c'irc in both endocytosis and exocytosis (Linstedt et al., 1992; Kaplan et al., 1992) . It has been suggested (Linstedt et al., 1992 ) that tyrosine kinase activity, such as by pp60C irc, may trigger disas sembly of the cortical cytoskeleton allowing exocytosis Some proteins follow a direct route from the TGN to either the apical or basolateral plasma membrane. Other proteins are first inserted into the basolateral membrane, then transcytosed through a basolateral endosome (BLE) before moving to the apical plasma membrane. We propose that vesicles translocate to the apical membrane on microtubules (MT) utilizing a dynein motor. Upon reaching the apical cytoplasm, vesicles bind to actin filaments in the microvillus rootlet and translocate via myosin I to the plasma membrane. and/or endocytosis. Perhaps the dramatic increase in microvillar height during differentiation results from the increased addition of membrane due to the high tyrosine kinase activity in maturing crypt cells (Burgess et al., 1989) .
T R A N S P O R T AND T A R G ETIN G OF PLASM A M EM B R A N E C O N S TITU E N TS
Not only is the enterocyte apical cortical actin cytoskele ton different from other regions of the cell, as with other polarized epithelia, but the apical plasma membrane is also specialized. The plasma membrane in polarized epithelia is differentiated into two functionally and structurally distinct domains, the apical or BB and the basolateral membranes (Fig. 2) . These domains are separated by a circumferential band of tight junctions and actin filaments near the cell apex. Many of the proteins and phospholipid constituents of these membranes are unique for each domain (for a review, see Hubbard et al., 1989) . The mechanisms of sort ing and pathways by which constituents reach the apical or basolateral plasma membranes vary between types of polar ized epithelial cells; (see Seminars in Cell Biology, vol. 2, 1992 , for a collection of papers reviewing epithelial cell protein trafficking). In intestinal epithelia, sorting of many newly synthesized proteins targeted for the apical and baso lateral compartments is thought to occur in the trans-Golgi (Danielsen and Cowell, 1985; Griffiths and Simons, 1986) . Once sorted, proteins destined for each domain apparently translocate to the plasma membrane by different mecha nisms. Transport of apically directed materials appears to rely at some stage on microtubules (MTs; see below), while that of materials destined for the basolateral membrane occurs in the apparent absence of MTs (Achler et al., 1989; Rindler et al., 1987) .
Pharmacological studies suggest that although not absolutely required, the efficient transport of apically directed membranes in polarized epithelia requires intact MTs (Achler et al., 1989; Bennett et al., 1984; Breitfeld et al., 1990; Hugon et al., 1987; Parczyk et al., 1989) . When polarized epithelia are treated with MT-disruptive drugs, there is a decrease in delivery of materials to the apical plasma membrane, although nearly 50% of the materials still reach the apical domain. The remaining materials are missorted to the basolateral domain. The decreased apical transport is probably not simply the result of the disorga nization of the Golgi, which has been shown to interact with MTs in cultured astrocytes , as the packaging and transport of materials to basolateral membranes continues unabated. Because isolated, Golgiderived vesicles can bind to MTs in vitro (Coffe and Ray mond, 1990; van der Sluijs et al., 1990) , and MT binding proteins have been localized to the Golgi apparatus (Bloom and Brashear, 1989) , MTs may play some direct role in the translocation of vesicles in vivo. Support for such a role comes from studies showing that the fusion of apically and basolaterally derived endosomes isolated from MDCK (a polarized epithelial cell line; Madin-Darby canine kidney) cells requires MTs, and the motor proteins dynein and kinesin (Bomsel et al., 1990) .
The MTs in polarized epithelia are arranged with their minus ends (their slowest growing ends) in the apical cyto plasm (Achler et al., 1989; Drenckhahn and Dermietzel, 1988; Sandoz et al., 1985) . The MTs extend in bundles to the basal cytoplasm with their plus ends (or most rapidly growing ends) near the cell base (Fig. 2) . There is also a collection of MTs running transversely in the apical cyto plasm, below the cortical actin network in MDCK cells (Bacallao et al., 1989) or the terminal web in enterocytes (Sandoz et al., 1985) . Although centrioles in polarized epithelia are located subjacent to the cortical actin cytoskeleton where bundles of MTs terminate, there is no apparent association with the ends of MTs, nor is there pericentriolar material (Bacallao et al., 1989; Drenckhahn and Dermietzel, 1988; Sandoz et al., 1985) . Because the plus ends of the MTs are nearest the Golgi complex, a MT-based system for translocating membranes from the Golgi com plex to the apical cortex would probably require a minusend-directed motor, such as dynein.
The decreased, but not eliminated, delivery of membrane to the apical plasma membrane in the presence of micro tubule-disruptive drugs suggests that either some stable MTs remain intact, or that MTs are only necessary to pro vide directionality while an alternative transport system is utilized. Since the average pore size of cytoplasm is smaller than vesicles (Luby-Phelps et al., 1987) , passive diffusion alone probably cannot account for movement of vesicles from the trans-Golgi to the apical plasma membrane; some active mechanism is required. Furthermore, enterocyte MTs do not extend to the apical surface, but terminate below, or rarely, within the actin-rich BB terminal web (Sandoz et al., 1985) . Because the highly cross-linked actin-rich ter minal web appears to exclude organelles from the apical membrane, it is unlikely that vesicles can simply diffuse from the ends of MTs through the terminal web to reach the plasma membrane (Achler et al., 1989; Sandoz et al., 1985) . Another motor, perhaps attached to the same vesi cle translocated first along MTs, may be required to move vesicles through the actin-rich terminal web to reach the plasma membrane (Fig. 2) . It has been proposed that per haps an actin-based motor such as myosin I, is required to move vesicles through this meshwork to the membrane (Achler et al., 1989; Fath and Burgess, 1993; Sandoz et al., 1985) . Because the disruption of microfilaments by cytochalasin D has no apparent affect on the efficiency of delivery or targeting of vesicles to the apical plasma mem brane (Parczyk et al., 1989; Rindler et al., 1987) , it has been suggested that actin filaments have no role in apical vesi cle trafficking. However, these studies must be interpreted with caution since not all microfilaments are depolymerized by cytochalasin (Burgess and Grey, 1974; Gottlieb et al., 1993; Parczyk et al., 1989) .
A good candidate for a motor functioning in the cell cortex is the actin-based motor, myosin I. The myosin Is are a class of actin-activated mechanochemical motors directed toward the barbed, or faster growing ends of actin filaments (Cheney and Mooseker, 1992; Pollard et al., 1991) . Myosin I has been identified in many cell types and is probably associated with both intracellular and plasma membranes (Adams and Pollard, 1986; Baines and Korn, 1990; Hayden et al., 1990; Korn and Hammer, 1988; Miyata et al., 1989) . The members of the myosin I family all con tain a conserved head domain with an ATP-sensitive actin binding site that is similar to myosin II, or conventional myosin. Myosin Is from different species, and different iso forms from the same species, contain a variable tail domain that may contain a positively charged membrane-binding domain and/or another actin binding site (see reviews by Cheney and Mooseker, 1992; Pollard et al., 1991) . Because purified myosin I can bind to vesicles comprising isolated membranes (Adams and Pollard, 1986; Doberstein and Pol lard, 1992) , and can move actin filaments on planar phos pholipid substrates (Zot et al., 1992) , it is proposed to be a motor for intracellular vesicle movement.
Based largely on conjecture developed from its in vitro properties, it has been proposed that myosin I in the intesti nal epithelium moves membranous vesicles transporting proteins and lipids from the Golgi to their sites of incor poration into the apical plasma membrane (Collins et al., 1990; Conzelman and Mooseker, 1987; Fath et al., 1990; Shibayama et al., 1987) . Immunolocalization of myosin I on vesicles in the apical cytoplasm of mature chicken and human enterocytes (Drenckhahn and Dermietzel, 1988 ) is consistent with a membrane translocation role. We decided to test directly whether myosin I was potentially involved in moving carrier vesicles from the Golgi to the apical plasma membrane. We purified Golgi-enriched vesicles from isolated intestinal epithelial cells, and found that a population of vesicles possesses myosin I as a cytoplasmically oriented, peripheral membrane protein (Fath and Burgess, 1993) . Myosin I resides on the vesicle cytoplas mic surface, since intact vesicles could be immunolabeled with myosin I antibodies and the myosin I could be proteolyzed by exogenous proteases. Galactosyltransferase, a marker enzyme for the irans-Golgi complex, co-partitioned with intact vesicles that had been immunoisolated with myosin I antibodies. Such co-isolation suggests that at least a subpopulation of irans-Golgi-derived vesicles express myosin I on their surface. The apically targeted enzyme alkaline phosphatase was also present in these fractions. Because these vesicles could aggregate actin filaments in an ATP-dependent manner, we proposed that these vesicles could represent a population of Golgi-derived vesicles car rying apically directed lipid and protein (Fath and Burgess, 1993) .
Although we identified Golgi-derived vesicles with asso ciated myosin I, and previous immunomicroscopy identi fied vesicles in the enterocyte apical cytoplasm with asso ciated myosin I on their surface (Drenckhahn and Dermietzel, 1988) , clearly a myosin-I-mediated motility from the Golgi apparatus to the apical plasma membrane cannot account for the entire pathway, for several reasons. First, there are no large actin filament tracks leading from the Golgi to the cell apex on which myosin-I-coated vesi cles could translocate. Second, the general consensus is that MTs are required at some step in the transport of mem branes to the apical plasma membrane. To determine whether apically-targeted vesicles utilize both a micro tubule-and microfilament-based motility, we have begun looking for vesicles expressing several motors. In prelimi nary studies from our laboratory, we found that in addition to myosin I, cytoplasmic dynein and its activator dynactin are also associated with the Golgi vesicles isolated from chicken enterocytes, while kinesin was absent. These Golgi vesicles could bind MTs in an ATP-dependent manner in pelleting assays. Because myosin I also pelleted with vesi cles bound to MTs, we propose that some vesicles contain both myosin I and dynein on their surfaces (Fig. 2) . Our finding of two motors on one vesicle is consistent with immunocytochemical evidence that both kinesin and dynein are found on anterogradely transported vesicles in mouse axons (Hirokawa et al., 1990) . In the past several years it has become well accepted that members of the kinesin and dynein families are responsible for the transportation of vesicles along MT substrates in many cells (Bloom, 1992; Schroer and Sheetz, 1991) . Other work has suggested that motors using actin filament substrates can also move mem branes within cells (Adams and Pollard, 1986; Kachar, 1985) . Quite surprisingly, recent studies in S. cerevisiae (Johnston et al., 1991; Lillie and Brown, 1992) and squid axoplasm (Kuznetsov et al., 1992) have concluded that there may be a functional redundancy in motor mechanisms such that a single vesicle may translocate by either an actinbased or a MT-based motor (reviewed by Atkinson et al., 1992) . Individual organelles may posses both types of motors which may be activated or differentially regulated in different cell regions. Only further work will determine the roles and regulation of multiple cytoskeletal motors in sorting and trafficking of Golgi vesicles. This work was supported by NIH grant no. DK31643.
